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1
TRANSISTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/686,163, filed on Nov. 27, 2012, which claims
priority to Chinese Patent Application No. 201210241515.1,
filed on Jul. 12, 2012, all of which are incorporated herein by
reference in their entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates to the field of semiconductor
technology and, more particularly, relates to transistor
devices and their fabrication methods.

BACKGROUND

Metal-oxide-semiconductor (MOS) transistors are of the
basic devices in semiconductor manufacturing and are widely
used in integrated circuits (ICs). Depending on the doping
type, MOS transistors include NMOS and PMOS transistors.

FIGS. 1-3 show cross-sectional structures of a conven-
tional transistor during its formation. As shown in FIG. 1, a
well region 101 is formed in a semiconductor substrate 100 by
ion implantation. A gate structure is formed on surface of the
semiconductor substrate 100. The gate structure includes a
gate electrode 103 on a gate oxide layer 102. The gate oxide
layer 102 is disposed on the semiconductor substrate 100.

As shown in FIG. 2, a slightly doped region 104 is formed
within the semiconductor substrate 100 on both sides of the
gate structure by an ion implantation.

As shown in FIG. 3, a sidewall spacer 105 is formed on
sidewalls of the gate structure. The gate structure and the
sidewall spacer 105 are used as a mask to heavily dope
regions in the semiconductor substrate 100 on both sides of
the gate structure to form source/drain regions 106.

However, transistors fabricated by conventional methods
have low carrier mobility in the channel region, which affects
device performance. It is therefore desirable to provide tran-
sistors with improved performance and methods for forming
such transistors.

BRIEF SUMMARY OF THE DISCLOSURE

According to various embodiments, there is provided a
method for forming a transistor device. In this method, a
confining layer can be formed on a semiconductor substrate
to confine impurity ions diffused from the semiconductor
substrate to the confining layer. An epitaxial silicon layer can
then be formed on the confining layer, followed by forming a
gate structure on the epitaxial silicon layer. A portion of the
epitaxial silicon layer can be used as an intrinsic channel
region. A source region and a drain region can be formed in
portions of each of the epitaxial silicon layer, the confining
layer, and the semiconductor substrate.

According to various embodiments, there is also provided
a transistor device. The transistor device can include a con-
fining layer disposed on a semiconductor substrate and con-
figured to confine impurity ions diffused from the semicon-
ductor substrate to the confining layer. An epitaxial silicon
layer can be disposed on the confining layer and a gate struc-
ture can be disposed on the epitaxial silicon layer. A portion of
the epitaxial silicon layer can include an intrinsic channel
region. The transistor device can also include a source region
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and a drain region disposed in portions of each of the epitaxial
silicon layer, the confining layer, and the semiconductor sub-
strate.

Other aspects or embodiments of the present disclosure can
beunderstood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 depict a conventional transistor at various stages
during its formation;

FIG. 4 depicts an exemplary method for forming a transis-
tor device in accordance with various disclosed embodi-
ments;

FIGS. 5-10 depict cross-sectional views of the transistor
device at various stages during its formation as depicted in
FIG. 4 in accordance with various disclosed embodiments;

FIG. 11 depicts another exemplary method for forming a
transistor device in accordance with various disclosed
embodiments; and

FIGS. 12-17 depict cross-sectional views of the transistor
device at various stages during its formation as depicted in
FIG. 11 in accordance with various disclosed embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

When forming conventional transistors, a heating treat-
ment is performed after formation of source/drain regions by
an ion implantation process in a semiconductor substrate.
During this heating treatment, the implanted ions may be
easily diffused into and further share the channel region for
transferring carriers of the transistor device. This reduces
carrier mobility in the channel region and thus affects device
performance.

As disclosed herein, an exemplary transistor device can be
formed by, e.g., first forming a confining layer on a semicon-
ductor substrate and then forming an epitaxial silicon layer on
the confining layer. The confining layer can be a semiconduc-
tor layer used to confine impurity ions such that these impu-
rity ions implanted in adjacent regions or components (e.g.,
the semiconductor substrate) are confined to this confining
layer and do not diffuse into undesired other regions or com-
ponents (e.g., the epitaxial silicon layer).

In various embodiments, the epitaxial silicon layer can be
intrinsic and can be used to form a channel region (e.g., an
intrinsic channel region) of the transistor device. The under-
lying confining layer can be used to confine impurity ions,
which are diffused from the semiconductor substrate during
the heating process, to the confining layer. The impurity ions
confined in the confining layer do not diffuse into the over-
laying epitaxial silicon layer that includes the intrinsic chan-
nel region and will not share the intrinsic channel region for
transferring carries. Carrier mobility in the intrinsic channel
region can be improved. Further, the impurity ions confined in
the confining layer can be used as carries when the transistor
device is switched to an inversion mode.

FIG. 4 depicts an exemplary method for forming an exem-
plary transistor device, and FIGS. 5-10 depict cross-sectional
views of the transistor device at various stages during its
formation as depicted in FIG. 4.

At step S21 in FIG. 4 and referring to FIG. 5, a semicon-
ductor substrate 200 can be provided. A confining layer 201
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can be formed on the semiconductor substrate 200 to confine
impurity ions, which are implanted in and then diffused from
the semiconductor substrate 200, to the confining layer 201.

The semiconductor substrate 200 can be a substrate of, for
example, single crystal silicon (Si), single crystal germanium
(Ge), germanium-silicon (GeSi), silicon carbide (SiC), sili-
con on insulator (SOI), germanium on insulator (GOI), and/or
Group 11I-V materials including, e.g., GaAs and/or InP.

The confining layer 201 can be a semiconductor layer
having a single layer or multiple layers. In one embodiment,
the confining layer 201 can be a single layer, for example, a
germanium-silicon carbide (GeSiC) layer. In this example,
the presence of germanium in the GeSiC layer can reduce
diffusion speed of the impurity ions after an ion implantation
in a well region of the semiconductor substrate 200. The
presence of carbon in this GeSiC layer can allow formation of
clusters with gap defects and thus avoid diffusion of the
impurity ions due to increased distribution of the gap defects
in the GeSiC layer. In this manner, the confining layer 201 can
confine the impurity ions thereto, so that, when an epitaxial
silicon layer is subsequently formed on the confining layer
201, the impurity ions implanted in the well region do not
diffuse into the epitaxial silicon layer. The intrinsic channel
region formed by the epitaxial silicon layer for transferring
carriers will not be shared by the impurity ions, because the
impurity ions are confined to the confining layer. Carrier
mobility of the channel region can thus be improved. Mean-
while, the impurity ions confined to the confining layer 201
can be used as carriers when the transistor is switched to an
inversion mode.

In some embodiments, the exemplary GeSiC layer can be
formed by an in-situ doping epitaxial process to dope carbon
ions in-situ in a germanium-silicon (GeSi) layer when the
GeSi layer is being formed.

In other embodiments, the exemplary GeSiC layer can be
formed by first using selective epitaxial processes to form a
GeSi layer and then implanting carbon ions into the formed
GeSi layer to form the GeSiC layer.

The confining layer 201 can have a thickness, e.g., ranging
from about 50 nm to about 200 nm. The confining layer 201
can have, e.g., about 1% to about 10% molar percentage of
carbon and about 3% to 40% molar percentage of germanium
of the total confining layer. The confining layer can confine
impurity ions thereto, and can also provide suitable stress in
the intrinsic channel region in the subsequently-formed epi-
taxial silicon layer to improve carrier mobility of the transis-
tor device.

At step S22 in FIG. 4 and referring to FIG. 6, a well region
202 can be formed, e.g., by a first ion implantation, in the
confining layer 201 and the semiconductor substrate 200.

The first ion implantation can implant N-type or P-type
impurity ions. For example, for forming an NMOS transistor
device, the impurity ions can be P-type and can include, e.g.,
boron ions, gallium ions, indium ions, and/or any combina-
tion(s) thereof. For forming a PMOS transistor device, the
impurity ions can be N-type and include, e.g., phosphorous
ions, arsenic ions, antimony ions, and/or any combination(s)
thereof. For illustration purposes, the transistor device shown
in FIGS. 5-10 is described as an NMOS transistor doped with
P-type impurity ions in the well region 202. Of course, a
PMOS transistor doped with N-type impurity ions in the well
region can be encompassed herein according to various dis-
closed embodiments.

After the first ion implantation, the structure shown in FIG.
6 can be annealed to activate the implanted impurity ions. As
the confining layer 201 is formed on the semiconductor sub-
strate 200, the impurity ions implanted in the semiconductor
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substrate 200 can be diffused to the confining layer 201 when
annealing. As discussed above, the confining layer 201 can
confine the diffused impurity ions to remain in the confining
layer 201.

At step S23 in FIG. 4 and referring to FIG. 7, an epitaxial
silicon layer 203 that is intrinsic can be formed on surface of
the confining layer 201. As explained above, the confined
impurity ions do not diffuse into the epitaxial silicon layer
203 including the intrinsic channel region of the transistor
device, and carrier mobility of the transistor device can be
improved.

In one embodiment, the epitaxial silicon layer 203 can
include non-doped single crystal silicon. The epitaxial silicon
layer 203 can have a suitable thickness, e.g., ranging from
about 20 nm to about 50 nm. Such thickness can allow the
intrinsic channel region to maintain a sufficient width and to
reduce running time of the carriers when the transistor device
is switched to an inversion mode, and further to increase the
number of carriers.

After forming the epitaxial silicon layer 203, other pro-
cesses may be performed including, for example, forming an
isolation structure (not shown), e.g., an shallow trench isola-
tion (STI), in the epitaxial silicon layer 203, the confining
layer 201, and the semiconductor substrate 200 to electrically
isolate adjacent active regions. The isolation structure can be
made of an insulating material including, but not limited to,
silicon oxide, silicon nitride, and/or silicon oxynitride.

At step S24 in FIG. 4 and referring to FIG. 8, a gate
structure can be formed on surface of the epitaxial silicon
layer 203. The portion of the epitaxial silicon layer 203 asso-
ciated with (e.g., underlying) the gate structure can be used as
a channel region that is intrinsic.

The gate structure can include a gate dielectric layer 204
located on the intrinsic epitaxial silicon layer 203 and a gate
electrode 205 located on the gate dielectric layer 204. The
gate dielectric layer 204 can be made of a material including,
e.g., silica, a high-k material, or any suitable dielectric mate-
rial(s). The gate electrode 205 can be made of a material
including, e.g., polysilicon, metal, or any suitable electrode
material(s). In an exemplary embodiment, the gate dielectric
layer 204 can be made of'silica, and the gate electrode 205 can
be made of polysilicon.

Following formation of the gate structure, other suitable
processes may be performed including, for example, forming
anoffset sidewall spacer on the sidewalls of the gate structure;
using the gate structure and the offset sidewall spacer as a
mask to implant impurity ions in the epitaxial silicon layer
203 on both sides of gate structure to form shallow ion
implantation region(s) (not shown) in the epitaxial silicon
layer 203; and forming a main sidewall spacer on the offset
sidewall spacer to form a sidewall spacer 209 including the
offset sidewall spacer and the main sidewall spacer on the
sidewalls of the gate structure.

In various embodiments, the offset sidewall spacer may be
made of, for example, silicon oxide, and the main sidewall
spacer may be made of, for example, silicon nitride. In vari-
ous embodiments, the main sidewall spacer may be a layered
structure including one or more layers made of silicon nitride
and/or silicon oxide.

At step S25 in FIG. 4 and referring to FIG. 9, optionally, a
germanium-silicon carbide (GeSiC) implantation region 207
may be formed on both sides of the gate structure, e.g., by ion
implantation of germanium ions and carbon ions, in regions
of' the epitaxial silicon layer 203 covering the confining layer
201. In various embodiments, a mask layer can be formed on
the gate structure to perform this ion implantation of germa-
nium and carbon ions. After this ion implantation, other suit-
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able processes may be performed including, for example,
annealing the semiconductor substrate at an annealing tem-
perature of, e.g., about 900° C. to about 1200° C., for an
annealing time of, e.g., about 10 seconds to about 60 seconds.

Atstep S26 in FIG. 4 and referring to FIG. 10, source/drain
regions 208 can be formed on both sides of the gate structure,
e.g., by a second ion implantation, in portions of each of the
epitaxial silicon layer (e.g., the portion can be intrinsic or can
be the optional GeSiC implantation region 207), the confining
layer 201, and the semiconductor substrate 200. The previ-
ously formed GeSiC implantation region 207 can prevent
impurity ions, implanted by the second ion implantation,
from diffusing into the remaining intrinsic epitaxial silicon
layer 203 located at the bottom of the gate structure. In other
words, impurity ions implanted from the second ion implan-
tation can be confined to the GeSiC implantation region 207
and will not share the intrinsic channel region (i.e., the
remaining intrinsic epitaxial silicon layer 203 at the bottom of
the gate structure as shown in FIG. 10) for transferring carri-
ers. That is, source/drain regions 208 are formed vertically
through/in the epitaxial silicon layer, the confining layer 201,
and the semiconductor substrate 200. The confining layer 201
controls the distribution of impurity ions in the source/drain
regions 208 to maintain the intrinsic channel region. Carrier
mobility can then be improved.

In various embodiments, to form the source/drain region
208 as depicted in FIG. 10, a mask layer can be formed on the
gate structure, followed by using this mask layer and the
sidewall spacer 209 as a mask to perform the second ion
implantation.

In one embodiment, the transistor device shown in FIGS.
5-10 is an NMOS transistor and the impurity ions implanted
by the second ion implantation to form source/drain regions
can be N-type impurity ions. The N-type impurity ions can
include, but not be limited to, phosphorous ions, arsenic ions,
antimony ions, and/or any combination(s) thereof. In other
embodiments, the transistor device can be a PMOS transistor
and impurity ions implanted by the second ion implantation
to form source/drain regions can be P-type impurity ions. The
P-type impurity ions can include, but not be limited to, boron
ions, gallium ions, indium ions, and/or any combination(s)
thereof.

After performing the second ion implantation to form
source/drain regions, other suitable processes may be per-
formed including, for example, annealing the semiconductor
substrate to activate the implanted ions.

As such, the confining layer 201 (e.g., a GeSiC layer) can
confine impurity ions implanted by the first ion implantation
to form the well region 202 in the semiconductor substrate
200 to the confining layer 201, and can prevent impurity ions
from diffusing toward the intrinsic epitaxial silicon layer 203
covering the confining layer 201 as shown in FIGS. 7-8. The
GeSiC implantation region 207 and/or the confining layer
201 can confine impurity ions implanted by the second ion
implantation to form source/drain regions 208 (e.g., in the
semiconductor substrate 200, the confining layer 201, and the
optional GeSiC implantation region 207) and can prevent
impurity ions from diffusing toward the remaining intrinsic
epitaxial silicon layer 203 (i.e., the intrinsic channel region)
located at the bottom of (i.e., under) the gate structure as
shown in FIG. 10. Carrier mobility of the intrinsic channel
region can be improved.

The transistor device, e.g., as shown in FIG. 10, can thus
include a semiconductor substrate 200 and a confining layer
201 on the semiconductor substrate 200. The confining layer
201 can be, e.g., a single layer including a germanium-silicon
carbide layer. The transistor device can also include an intrin-
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sic epitaxial silicon layer disposed on surface of the confining
layer 201, and a GeSiC implantation region 207 formed
within the intrinsic epitaxial silicon layer on both sides of the
gate structure. The transistor device can further include a gate
structure on the remaining intrinsic epitaxial silicon layer
203, and source/drain regions 208 located in associated por-
tions of the epitaxial silicon layer (e.g., the portion can be
intrinsic or can be the optional GeSiC implantation region
207), the confining layer 201, and the semiconductor sub-
strate 200, which are on both sides of the gate structure.

FIG. 11 depicts another exemplary method for forming an
exemplary transistor device, and FIGS. 12-17 depict cross-
sectional views of the transistor device at various stages dur-
ing its formation as depicted in FIG. 11.

At step S31 in FIG. 11 and referring to FIG. 12, a semi-
conductor substrate 300 can be provided. A confining layer
303 can be formed on the semiconductor substrate. The semi-
conductor substrate 300 can be the same as or different from
the semiconductor substrate 200 as shown in FIGS. 5-10. The
confining layer 303 can be a multi-layer, e.g., having a
stacked structure. In one embodiment, the confining layer 303
can include a germanium-silicon (GeSi) layer 301 disposed
on the semiconductor substrate 300 and a silicon carbide
(SiC)layer 302 disposed on the GeSi layer 301. The confining
layer 303 can be used to confine impurity ions diffused from
the semiconductor substrate 300 to the confining layer 303.

Alternatively, the confining layer 303 can be a stacked
structure, for example, including a silicon carbide (SiC) layer
disposed on the semiconductor substrate and a germanium-
silicon (GeSi) layer disposed on the silicon carbide (SiC)
layer.

In various embodiments, the presence of germanium in the
GeSilayer 301 ofthe confining layer 303 can reduce diffusion
speed of impurity ions from a subsequently-formed well
region and the presence of carbon in the SiC layer 302 can
allow formation of clusters with gap defects and thus avoid
diffusion of the impurity ions due to increased distribution of
the gap defects in the confining layer. The confining layer 303
including the GeSi layer and the SiC layer can confine the
impurity ions thereto, so that, when an intrinsic epitaxial
silicon layer is subsequently formed on the confining layer
303, the impurity ions implanted in the well region do not
diffuse into the intrinsic epitaxial silicon layer. The intrinsic
channel region formed in the intrinsic epitaxial silicon layer
for transferring carriers will not be shared by the impurity
ions, because the impurity ions are confined to the confining
layer. Carrier mobility of the intrinsic channel region can thus
be improved. Meanwhile, the impurity ions confined to the
confining layer 303 can be used as carriers when the transistor
device is switched to an inversion mode.

The GeSi layer 301 can have, e.g., about 3% to about 40%
molar percentage of germanium of the total GeSi layer. The
SiC layer 302 can have, e.g., about 3% to 15% molar percent-
age of carbon of the total SiC layer. The GeSi layer 301 can
have a thickness, e.g., ranging from about 10 nm to about 80
nm. The SiC layer 302 can have a thickness, e.g., ranging
from about 10 nm to about 80 nm. In this manner, the con-
fining layer having stacked structure can confine impurity
ions thereto, and can also provide suitable stress in the chan-
nel region in the subsequently-formed intrinsic epitaxial sili-
con layer to improve carrier mobility of the transistor device.

In some embodiments, the GeSilayer 301 and the SiClayer
302 can be formed by epitaxial processes. In other embodi-
ments, the SiC layer 302 can be formed by, for example, first
forming an epitaxial silicon layer on surface of the GeSilayer
and then implanting carbon ions into the formed epitaxial
silicon layer to form the SiC layer.
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At step S32 in FIG. 11 and referring to FIG. 13, a well
region 310 can be formed, e.g., by a first ion implantation, in
the confining layer 303 and the semiconductor substrate 300.

The first ion implantation can implant N-type or P-type
impurity ions. For example, for forming an NMOS transistor
device, the impurity ions can be P-type and can include, e.g.,
boron ions, gallium ions, indium ions, and/or any combina-
tion(s) thereof. For forming a PMOS transistor device, the
impurity ions can be N-type and include, e.g., phosphorous
ions, arsenic ions, antimony ions, and/or any combination(s)
thereof. For illustration purposes, the transistor device shown
in FIGS. 12-17 is described as an NMOS transistor doped
with P-type impurity ions in the well region 310. Of course, a
PMOS transistor doped with N-type impurity ions in the well
region can be encompassed herein according to various dis-
closed embodiments.

After the first ion implantation, the structure shown in FIG.
13 can be annealed to activate the implanted impurity ions. As
the confining layer 303 is formed on the semiconductor sub-
strate 300, the impurity ions implanted in the semiconductor
substrate 300 can be diffused to the confining layer 303 when
annealing. As discussed above, the confining layer 303 can
confine the diffused impurity ions to remain in the layered
stack of the confining layer 303.

Atstep S33 in FIG. 11 and referring to FIG. 14, an epitaxial
silicon layer 304 that is intrinsic can be formed on surface of
the confining layer 303. As explained above, the confined
impurity ions do not diffuse into the intrinsic epitaxial silicon
layer 304 including the intrinsic channel region of the tran-
sistor device, and carrier mobility of the transistor device can
be improved.

In one embodiment, the intrinsic epitaxial silicon layer 304
can include non-doped single crystal silicon. The intrinsic
epitaxial silicon layer 304 can have a suitable thickness, e.g.,
ranging from about 20 nm to about 50 nm. Such thickness can
allow the intrinsic channel region to maintain a sufficient
width and to reduce running time of the carriers when the
transistor device is switched to an inversion mode, and further
to increase the number of carriers.

After forming the intrinsic epitaxial silicon layer 304, other
processes may be performed including, for example, forming
an isolation structure (not shown), e.g., an shallow trench
isolation (STI), in the intrinsic epitaxial silicon layer 304, the
confining layer 303, and the semiconductor substrate 300 to
electrically isolate adjacent active regions. The isolation
structure can be made of an insulating material including, but
not limited to, silicon oxide, silicon nitride, and/or silicon
oxynitride.

At step S34 in FIG. 11 and referring to FIG. 15, a gate
structure can be formed on surface of the intrinsic epitaxial
silicon layer 304. The portion of the intrinsic epitaxial silicon
layer 304 associated with (e.g., underlying) the gate structure
can be used as a channel region that is intrinsic.

The gate structure can include a gate dielectric layer 305
located on the intrinsic epitaxial silicon layer 304 and a gate
electrode 306 located on the gate dielectric layer 305. The
gate dielectric layer 305 can be made of a material including,
e.g., silica, a high-k material, or any suitable dielectric mate-
rial(s). The gate electrode 306 can be made of a material
including, e.g., polysilicon, metal, or any suitable electrode
material(s). In an exemplary embodiment, the gate dielectric
layer 305 can be made of'silica, and the gate electrode 306 can
be made of polysilicon.

Following formation of the gate structure, other suitable
processes may be performed including, for example, forming
anoffset sidewall spacer on the sidewalls of the gate structure;
using the gate structure and the offset sidewall spacer as a
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mask to implant impurity ions in the intrinsic epitaxial silicon
layer 304 on both sides of gate structure to form shallow ion
implantation region(s) (not shown); and forming a main side-
wall spacer on the offset sidewall spacer to form a sidewall
spacer 307 including the offset sidewall spacer and the main
sidewall spacer on the sidewalls of the gate structure.

In various embodiments, the offset sidewall spacer may be
made of, for example, silicon oxide, and the main sidewall
spacer may be made of, for example, silicon nitride. In vari-
ous embodiments, the main sidewall spacer may be a layered
structure including one or more layers made of silicon nitride
and/or silicon oxide.

At step S35 in FIG. 11 and referring to FIG. 16, optionally,
a germanium-silicon carbide (GeSiC) implantation region
308 can be formed on both sides of the gate structure, e.g., by
ion implantation of germanium ions and carbon ions, in
regions of the intrinsic epitaxial silicon layer covering the
confining layer 303. In various embodiments, a mask layer
can be formed on the gate structure to perform this ion
implantation of germanium and carbon ions. After this ion
implantation, other suitable processes may be performed
including, for example, annealing the semiconductor sub-
strate at an annealing temperature of, e.g., about 900° C. to
about 1200° C., for an annealing time of, e.g., about 10
seconds to about 60 seconds.

At step S36 in FIG. 11 and referring to FIG. 17, source/
drain regions 309 can be formed on both sides of the gate
structure, e.g., by a second ion implantation, in portions of the
previously-formed epitaxial silicon layer (e.g., the portion
can be intrinsic or can be the optional GeSiC implantation
region 308), the confining layer 303, and the semiconductor
substrate 300. In various embodiments, to form the source/
drain regions 309 as depicted in FIG. 17, a mask layer can be
formed on the gate structure, followed by using this mask
layer and the sidewall spacer 307 as a mask to perform the
second ion implantation.

In one embodiment, the transistor device shown in FIGS.
12-17 is an NMOS transistor and the impurity ions implanted
by the second ion implantation to form the source/drain
regions can be N-type impurity ions. The N-type impurity
ions can include, but not be limited to, phosphorous ions,
arsenic ions, antimony ions, and/or any combination(s)
thereof. In other embodiments, the transistor device can be a
PMOS transistor and impurity ions implanted by the second
ion implantation to form the source/drain regions can be
P-type impurity ions. The P-type impurity ions can include,
but not be limited to, boron ions, gallium ions, indium ions,
and/or any combination(s) thereof.

After performing the second ion implantation to form the
source/drain regions, other suitable processes may be per-
formed including, for example, annealing the semiconductor
substrate to activate the implanted ions.

As such, the confining layer 303 can confine impurity ions
implanted by the first ion implantation for forming the well
region 310 in the semiconductor substrate 300 to the confin-
ing layer 303, and can prevent impurity ions from diffusing
toward the intrinsic epitaxial silicon layer 304 covering the
confining layer 303 as shown in FIGS. 14-15. The GeSiC
implantation region 308 and/or the confining layer 303 can
confine impurity ions implanted by the second ion implanta-
tion for forming source/drain regions 309 (e.g., in portions of
the semiconductor substrate 300, the confining layer 303, and
the GeSiC implantation region 308), and can prevent impurity
ions from diffusing toward the remaining intrinsic epitaxial
silicon layer 304 located at bottom of (i.e., under) the gate
structure as shown in FIG. 17. Carrier mobility of the intrinsic
channel region can be improved.
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The transistor device, e.g., as shown in FIG. 17, can thus
include a semiconductor substrate 300 and a confining layer
303 disposed on the semiconductor substrate 300. The con-
fining layer 303 can be, e.g., a stacked structure including a
GeSi layer 301 on the semiconductor substrate 300 and a SiC
layer 302 on the GeSilayer 301. The transistor device can also
include an intrinsic epitaxial silicon layer disposed on surface
of'the confining layer 303, and optionally a GeSiC implanta-
tion region 308 formed within the intrinsic epitaxial silicon
layer on both sides of the gate structure. The transistor device
can further include a gate structure disposed on the remaining
intrinsic epitaxial silicon layer 304, and source/drain regions
309 formed in the associated portions of the epitaxial silicon
layer (e.g., the portion can be intrinsic or can be the optional
GeSiC implantation region 308), the confining layer 303, and
the semiconductor substrate 300, which are on both sides of
the gate structure.

Other applications, advantages, alternations, modifica-
tions, or equivalents to the disclosed embodiments are obvi-
ous to those skilled in the art.

What is claimed is:

1. A transistor device comprising:

a semiconductor substrate;

a confining layer disposed on the semiconductor substrate
and configured to confine impurity ions diffused from
the semiconductor substrate to the confining layer;

awell region including the confining layer and a portion of
the semiconductor substrate, wherein the well region is
ion-implanted;

an epitaxial silicon layer disposed on the confining layer
that is ion implanted;

a gate structure disposed on the epitaxial silicon layer,
wherein a portion of the epitaxial silicon layer includes
an intrinsic channel region;
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a germanium-silicon carbide (GeSiC) implantation region
in the epitaxial silicon layer on both sides of the gate
structure; and

a source region and a drain region each including a portion
of each of: the GeSiC implantation region in the epi-
taxial silicon layer, the ion-implanted confining layer,
and the portion of the semiconductor substrate in the
well region.

2. The device of claim 1, wherein the ion implanted con-
fining layer is a single layer, the single layer including a
germanium-silicon carbide (GeSiC) layer.

3. The device of claim 2, wherein the GeSiC layer includes
carbon having a molar percentage of about 1% to about 10%
of the total GeSiC layer, and germanium having a molar
percentage of about 3% to about 40% of the total GeSiC layer.

4. The device of claim 1, wherein the ion implanted con-
fining layer includes a stacked structure including a germa-
nium-silicon (GeSi) layer and a silicon carbide (SiC) layer.

5. The device of claim 4, wherein the GeSi layer includes
germanium having a molar percentage of about 3% to about
40% ofthe total GeSi layer, and the silicon carbide (SiC) layer
includes carbon having a molar percentage of about 3% to
about 15% of the total SiC layer.

6. The device of claim 1, wherein the epitaxial silicon layer
has a thickness of about 20 nm to about 50 nm.

7. The device of claim 2, wherein the single layer including
the GeSiC layer has a thickness of about 50 nm to about 200
nm.

8. The device of claim 5, wherein each of the germanium-
silicon (GeSi) layer and the silicon carbide (SiC) layer has a
thickness of about 10 nm to about 80 nm.
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